The effects of essential oils isolated from Douglas fir needles on sheep and deer rumen microbial activity were tested by use of an anaerobic manometric technique. Rumen microorganisms were obtained from a sheep which had been fed mainly on alfalfa hay and dried range grass. One deer used in this study had access to Douglas firtrees the year around, whereas the other deer had no access to Douglas fir. All of the monoterpene hydrocarbons isolated from Douglas fir needles,-ct-pinene, (3-pinene, limonene, myrcene, camphene, A3-carene, and terpinolene-promoted only slightly or had no effect on deer rumen microbial activity, whereas all of them promoted activity in sheep rumen microbes, except A3-carene and terpinolene, which inhibited activity. Of the oxygenated monoterpenes, all monoterpene alcohols-a-terpineol, terpinen-4-ol, linalool, citronellol, and fenchyl alcohol-strongly inhibited the rumen microbial activity of both sheep and deer. Monoterpene esters (bornyl acetate) produced mild inhibition for both sheep and deer microbes, and citronellyl acetate inhibited rumen microbial activity in sheep, whereas it promoted activity in both deer. Monoterpene aldehyde (citronellal) inhibited the activity of rumen microbes from both sheep and deer having no access to Douglas fir from the Hopland Field Station, whereas they produced no effect upon the deer having access to Douglas fir from the Masonite forest. Rumen microbial activity for sheep and deer was promoted slightly with aliphatic ester (ethyl-n-caproate 
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Although deer browsing of Douglas fir is mainly seasonal and limited to new shoot growth, the financial loss to the timber industry is tremen- 
EFFECT OF ESSENTIAL OILS FROM DOUGLAS FIR NEEDLES
librium between the two phases, first readings were taken and the rumen fluid was tipped into the main compartment from the side arm. Subsequent readings were taken at certain intervals for 24 hr and were expressed in millimoles of gas produced per gram (dry weight) of substrate as a criterion of rumen microbial activity. Under anaerobic conditions employing a bicarbonate buffer system, manometric measurements of gas production include CO2, CH4, and minor amounts of H2. Carbon dioxide measured in this system was composed of both metabolic CO2 from rumen microbial fermentation and CO2 liberated through production of acids according to the following equation: H+ + HCO3-2= H2CO3 -± H20 + CO2, where H+ arises from dissociation of acids formed.
RESULTS
Gas chromatogram of essential oil isolatedfrom Douglas fir needles. Figure 1 presents a chromatogram depicting the mixture of components present in the oil isolated from the mature needles of Douglas fir. The detailed operating condition of gas chromatograph and the structure of compounds identified by Kepner's group are specified in the legend of Fig. 1 linalool (Fig. 2) . There was virtually no gas production when the microbes were exposed to fenchyl alcohol, a-terpineol, and terpinen-4-ol.
( Deer (from Hopland) rumen microbial gas product-Deer (from Hopland)rumen microbial gas prodion as affected by various monoterpene hydro-uction as affected by various oxygenated monocarbons isolated from Douglas-fir needles.
terpens isolated from Dougas-fir needles. ness ranged from +1 to +6%, whereas the range was from -58 to +25% for sheep rumen microbes even though lower levels (0.025 to 0.05 ml per flask) of some of the oils were used. As in the sheep rumen microbial trial, all five monoterpene alcohols displayed an inhibitory effect on deer rumen microbial activity. Fenchyl alcohol exhibited the most potent inhibitory effect upon activity among the monoterpene alcohols. Little effect was demonstrated by citronellyl acetate, bronyl acetate,and ethyl-n-caproate, whereas moderate inhibition was obtained with monoterpene aldehyde, citronellal. Gas production commenced immediately after rumen microbes weie exposed to all compounds (Fig. 3) .
(iii) Effect upon deer (from Masonite forest) rumen microbial activity: Data obtained with the microbes from the Masonite forest deer, which had access to Douglas fir, are presented in Table 4 and Fig. 4 . Overall effect of rumen microbial activity in this trial was milder than that of the previous trial with deer from the Hopland Field Station. All five monoterpene hydrocarbons increased activity only slightly or had no effect as with monoterpene aldehyde, esters, and aliphatic ester (ethyl-n-caproate). The relative effectiveness of these compounds ranged from -1 to +7 %. As in the previous trials with deer and sheep from Hopland, monoterpene alcohols were consistently inhibitory upon activity with the exception of linalool (+2%). There was a marked difference between deer and sheep rumen microbial activity as affected by the various essential oils isolated from Douglas fir oil. The seven monoterpene hydrocarbons promoted activity more on sheep rumen microbes, even though lower levels of these compounds were added to the sheep rumen microbial assay. The five monoterpene alcohols which were added at the same level inhibited sheep rumen microbial activity more than deer. (1) have shown that the voluntary intake of forage by sheep is determined by the bulkiness of digesta and their rate of disappearance from the reticulorumen. Since digestibility of the ingested feed in ruminants depends on the microbial action in the reticulo-rumen, it is apparent that feed intake is governed by the rumen microbial activity which is directly affected by the chemical constituents of ingested feed. Reduced rumen microbial digestion resulting from antibacterial substances present in the ingesta would result in prolonged reticulo-rumen retention of ingesta, distention of the rumen, and consequently reduction of feed intake. Thus, when forage plants contain aromatic volatile compounds, which inhibit rumen microbial activity, it is logical to expect that ruminants' feed intake or selectivity would in turn be affected by those aromatic volatile compounds in both ways, olfactory and antirumen microbial action.
Most of the least palatable forage plants for ruminants studied to date at the Hopland Field Station contain volatile compounds which have an inherent characteristic odor and different degrees of antirumen microbial action. Douglas fir is a typical species in this category.
Through gas chromatography, it is obvious that more than 40 different compounds contained in whole essential oils of Douglas fir oil represent the characteristic odor of that species. Investigation of the effect of whole essential oil distilled from Douglas fir upon selectivity and voluntary intake of feed with sheep is underway at the present time. The increased rumen microbial activity obtained by low levels of essential oil and the inhibitory effect produced by high levels can be attributed to the promoting or inhibiting effect of the three subgrouped oils and their concentration ratios. Of the three subgroups, monoterpene hydrocarbons and sesquiterpenes promoted sheep and deer rumen microbial activity, whereas oxygenated monoterpenes inhibited the activity. The concentration ratios of the monoterpene hydrocarbons (promoting group), oxygenated monoterpenes (inhibiting group), and sesquiterpenes (promoting group) were approximately 5:1:0.05, respectively. These ratios are of primary importance in determining the net effect on microbial activity as oil levels are varied. At the lowest level of oil (0.10 ml per flask), the concentration of oxygenated monoterpenes (inhibiting group) is not high enough to offset the promoting effect of monoterpene hydrocarbons and sesquiterpenes. At the higher level (0.3 ml per flask), however, the inhibiting group (oxygenated monoterpenes) was sufficiently high that the net effect became negative. No doubt different components of oil produce selective promotion or inhibition on the various species of rumen microorganisms.
The effect of individual essential oils upon sheep and deer rumen microbial activity agreed with the results obtained from the three subgrouped oils. As expected, among those individual essential oils grouped as monoterpene hydrocarbons, a-pinene, $l-pinene, limonene, myrcene, and camphene promoted activity of sheep and deer rumen microorganisms, whereas A3-carene and terpinolene inhibited activity. Likewise, all of the monoterpene alcohols grouped as oxygenated monoterpenes (inhibiting group)-a-terpineol, terpinen-4-ol, fenchyl alcohol, linalool and citronellol-inhibited consistently both for sheep and deer rumen microbes. The remaining oxygenated monoterpenes-citronellal, citronellyl acetate, and bornyl acetater-varied the effectiveness according to the sources of rumen microorganisms. Bryant and Burkey (3) and Warner (6) reported that predominant bacterial species and their populations in the rumen were dependent upon their dietary regime. Bauman and Foster (2) and Maki and Foster (5) also reported that rumen bacteria from an alfalfa hay-fed cow and high grain-fed cow were different not only in predominant form but in end products of their fermentation as well. Based on the above results, it is clear why such a marked difference between sheep and deer rumen microbes resulted from individual compounds isolated from Douglas fir needles. It is assumed that the predominant species and the number of sheep and deer rumen microbes differ according to their habitat. When the same levels of monoterpene alcohols were added to the rumen fluid from Hopland sheep and deer and Masonite deer, the greatest inhibitory effect was obtained with rumen microbes of sheep which had had no previous access to monoterpene alcohols. Intermediate inhibition was obtained with the deer from the Hopland Field Station which had no access to Douglas fir. However, the browse species utilized by deer in this area contain a variety of essential oils. A mild inhibition resulted from the rumen microbes obtained from the Masonite forest deer which had access to Douglas fir trees year around. It is assumed that the deer rumen microbes in this area had become adapted to such inhibitory essential oils. 
